ABSTRACT: Cannibalism between age classes has been reported for Dungeness crab Cancer magister Dana, and hypothesized to cause the cyclic behavior of the fishery. Recently, cannibalism anlong young-of-the-year (YOY) Dungeness crabs has been documented, and proposed as an alternative hypothesis to explain recruitment failure of later cohorts of megalopae in intertidal shell habitats already occupied by older YOY crabs. Furthermore, cannibalism among juveniles has also recently been reported for other crab species. This study experimentally addressed whether: (1) cannibalism rate by age classes O+, l + and 2+ of Dungeness crabs Cancer magister of both sexes on YOY conspecifics is affected by habitat type; (2) cannibalism rate among YOY is affected by conspecific density and prey-predator asymmetry; and (3) YOY mutual interference and prey-predator asymmetry affect consumption rate. Predation rate by older crabs (age classes 1 and 2) on YOY was highest in mud habitat, intermediate in low shell density, and lowest In the high shell density treatment. These results show that shell habitat enhances production of YOY crabs by increasing survival. Despite the fact that shell habitat decreased cannibalism rate of larger conspec~fics on YOY, it did not affect cannibalism rate among juveniles. YOY crabs did not consume carapaces of conspecifics, while larger crabs consumed entire prey; this difference in amount of hard parts consumed suggests that although cannibalism may be common among YOY, it may not be detected by stomach analysis. Consumption of megalopae was affected by prey density, and also by the asymmetry between the prey and the predator. As predator density increased, the total consumption of megalopae increased, but proportional mortality per predator decreased. When other instar stages were used as prey, prey-predator asymmetry and prey density were not as important factors as predator density on cannibalism rate. Megalopae were the most vulnerable prey, and under certain circumstances YOY conspecifics may be able to decimate cohorts of settling megalopae. However, megalopae may find refuge from cannibalism when predator-prey size ratio is low, predator density is high, and probably when relative abundance of alternative prey is high (1abora.tory experiments were conducted using only conspecifics as prey). Cannibalism, or other processes that may have evolved in response to cannibalism, may be important factors regulating crab recruitment In natural populations and limiting crab production in artificial habitats.
INTRODUCTION
Cannibalism is a common phenomenon in many terrestrial and aquatic taxa (Fox 1975 , Polis 1981 , Elgar & Crespi 1992 , including brachyuran crabs (Klein Breteler 1975 , Reise 1985 , Kurihara & Okamoto 1987 , Tunberg & Creswell 1988 , Fernandez 1994 , PerkinsVisser et al. 1996 , Moksnes et al. 1997 . In many taxonomic groups cannibalism is associated with an asymmetry between cannibal and victim; generally, the victim is at a more vulnerable life history stage than the cannibal (Elgar & Crespi 1992) . For many species, relative rather than absolute size appears to prevail (DeAngelis et al. 1979 , Bry & Gillet 1980 , Polis 1981 , but there are exceptions to such size generalizations (Ricker 1954 , Bane rji & Prasad 1975 , Forney 1976 , Fern6ndez 1994 , Moksnes et al. 1997 , 1998 . The result of the cannibalistic interaction will depend not only on the asymmetry between cannibal and victim, but also on the short-term behavioral response of the predator (cannibal) to prey (conspecific) densities. The relationship between prey consumption per predator and prey density can be density-independent, density-dependent, or inversely density-dependent (Holling 1959 , Hassell 1978 .
Cannibalism between age classes has been reported for Dungeness crab Cancer magister Dana (MacKay 1942 , Butler 1954 , Gotshall 1977 , Stevens et al. 1982 , and there is evidence of cannibalism within age class Ijuveniles; Jacoby 1983 , Karpov 1983 , Fernandez et al. 1993a ,b, 1994 . Cannibalism between age classes may be responsible for most of the mortality of newly settled crabs in unprotected habitats (mud), and cannibalism among young-of-the-year (YOY) might account for most of the mortality in sheltered habitats (Fernandez et al. 1993b ). Botsford & Wickham (1978) proposed that density-dependent, between-year-class cannibalism may generate cyclic fluctuations in the abundance of Dungeness crab in the Californ.ia fishery (see also Higgins et al. 1997) . However, there is no empirical evidence of within-or between-age-class, density-dependent cannibalism in Dungeness crab.
Cannibalism has also been suggested as an alternative hypothesis to explain recruitment failure of subsequent cohorts of megalopae in habitats saturated by older YOY crabs (FernAndez et al. 1993a) . Extremely high densities of settling megalopae (more than 200 m-2) were heavily preyed upon in habitats colonized by larger conspecifics (Fernandez 1993a) ; those habitats were occupied by high densjties of first and second benthic stages. However, at saturating levels of predator (cannibal) densities, such as those found in artificial shell habitat for Dungeness crab (Armstrong et al. 1992 , Dumbauld et al. 1993 , predator interactions might affect the response of predators to different prey densities. Mutual interference may adversely affect crab searching efficiency or feeding rate (Mansour & Lipcius 1991 , Iribarne et al. 1995 , and stabilize predator-prey dynamics by providing partial refuge for prey. Although cannibalism may affect natural populations of Dungeness crab as well as the production of artificial habitats (Armstrong et al. 1991 (Armstrong et al. , 1992 , the effects of habitat structure, predator-prey size ratio, and conspecific density on cannibalism rate are unknown. The objectives of this study were to examine experimentally whether: (1) cannibalism rate by age classes 0+, l + and 2+ of Dungeness crabs Cancer magister of both sexes on YOY conspecifics is affected by habitat type; (2) cannibalism rate among YOY IS affected by conspecific density and prey-predator asymmetry; and (3) YOY mutual interference and prey-predator asymmetry affect consumption rate.
MATERIAL AND METHODS
Effect of habitat type on cannibalism efficiency. In order to investigate wheth.er cannibalism is affected by predator size, predator sex, and habitat type, laboratory experiments were performed using 3 age classes, male and female crabs as predators, and 3 habitat types. Aquaria (40 1, surface area 0.20 m2) were filled with a 5 cm layer of mud collected in the intertidal zone and estuarine (14 to 16°C temperature; 25 to 2?%, salinity) water. Three habitat types (treatments) were used: mud (MUD), low shell density (LSD), and high shell density (HSD). In the LSD treatment 12 oyster Crassostrea gigas shells were deposited over the mud in 3 groups of 4 oysters each (covering 20% of the total area of the tank; see Dumbauld et al. 1993 for comparable treatment in situ). In the HSD treatment a continuous layer of shells was deposited over the mud (100 % shell cover). In HSD and LSD treatments the shell arrangement was similar, so it can be assumed that the same type of habitat per unit of area covered by shell was offered in the 2 shell treatments.
Three predator age classes (Wainwright 1994) were utilized: 0+ (25 to 29 mm carapace width), l+ (60 to 70 mm carapace width), and 2+ (90 to l l 0 mm carapace width); in all cases only 1 predator per tank was used and individuals were starved for 24 h prior to the exper~m e n t .
The satiation level of the predator was not quantified. The intermolt stage was not determined, thus this factor may account for some of the variability observed in consumption rate (Lipcius & Herrnkind 1982) . Hard shell crabs were always used (for prey and predator), and the trials in which the predators molted during the experimental time were not used. The effect of prey (J1:5 to 8 mm carapace width) vulnerability in relation to hours since molt is not clear (Visser 1997) , and was not considered in the experiment since it was not possible to monitor all the prey during the experimental time. Eight O+ crabs (9 to 18 mm carapace width) were offered as prey. Prey size resembled that found in artificial, intertidal oyster shell assemblages by late summer (Armstrong et al. 1991 (Armstrong et al. , 1992 . Crabs were collected in intertidal shell habitat (0+ prey and predators) and by trawls in the South Channel area ( l + and 2+ crabs) of Grays Harbor, during spring and summer in 1991 and 1992. Predators and prey were measured (carapace width), and the predator's sex identified. Mean pred.ator size and number of replicates for each treatment are reported in Table 1 . No differences in mean predator size were detected among habitat treatments (Table 1) . Prey were assigned to instar stages following Dinnel et al. (1993) . In each tria.1 the following prey composition was used: 4 52 crab (9 to 12 mm), 2 53 (13 to 15 mm), and 2 54 (16 to 19 mm). Ten control trials (no predator) were performed, and 100% survival was found. The number of surviving prey was recorded at the end of the 24 h trials. Cannibalism rate in this experiment indicates the number of YOY crabs consumed per predator per day. A 3-way ANOVA was used to test for differences in the mean number of prey eaten among habitat type, predator sex, and predator age class. The response variable was not transformed because the assumptions of the ANOVA model were met.
In order to assess the type of remains left by 0+, l + , and 2+ predators when attacking conspecifics, the remains were categorized into 2 types, (1) no remains or pieces I half carapace and (2) pieces 2 3/4 carapace or whole carapace, and recorded in each trial. The proportion of type (1) remains consumed was estimated for each trial as follows: number of type (1) remains/ number of crabs consumed. The data were log-transformed in order to meet the assumptions of the ANOVA model, and a l-way ANOVA was used to test for differences in the mean proportion of type (1) remains among predator age classes.
Effects of prey-predator asymmetry and prey density on cannibalism rate among YOY Dungeness crab. The consumption rate of YOY Dungeness crabs as a function of smaller YOY density was studied under laboratory conditions. Tanks (20 1, surface area 0.1 m' ) were filled to a depth of 5 cm with defaunated (sieved through a 0.5 mm screen) mud collected from the estuary and estuarine water. A continuous layer of shell was deposited over the mud. Crabs were collected in intertidal shell habitat between 1992 and 1993, when the experiments were conducted. Megalopae and second instar crabs were used as prey. Two predator instar stages were utilized for each prey group; for megalopae, J1 and 52 crabs were used as predators. Third and fourth instars were the predators when 52 crabs were the prey. Megalopae to second instar crabs are found in early summer, whereas second to fourth instar crabs are found in intertidal shell habitat between mid and late summer (Armstrong et al. 1991 , Dumbauld et al. 1993 .
A single predator, starved for 24 h, was used per tank. The satiation level of the predator was not quantified. Hard shell prey and predator were always used, and when predators molted, the trial was not considered in the analysis. The intermolt stage was not determined, and it may account for some of the variability observed in consunlption rate (Lipcius & Herrnkind 1982) . In the Dungeness crab, cannibalism (attacks) may not take place for 24 h after molting, and the effect of prey (Jl) vulnerability in relation to hours since molt is not clear (Visser 1997) . The experimental design used here, which does not homogenize the intermolt stages, reflects natural conditions with prey and predators at different intermolt stages interacting in the same habitat. Thus, the results may show the cannibalism rate (and its variability) observed in nature better than the potential for cannibalism that may occur under predetermined scenarios (equal intermolt stages).
For the megalopae experiments, 5 prey densities were used: 1, 2, 3, 5, and 8 megalopae tank-' (10 to 80 megalopae m-'). For 53 to 54 predators, 6 prey (52) densities were used: 1, 2, 3, 4 , 5, and 7 crabs tank-' (10 to 70 crabs m-'). Controls for prey survival (no predator) were run for all prey density treatments; survival was 100% for densities ranging between 1 and 3 megalopae and between 1 and 5 52. Megalopae survival was 97 % for densities higher than 5 individuals tank-', and 99 % for 52 prey in the highest crab density treatment. More than 5 trials were conducted for the control, or for each combination of predator size and prey density. Prey were not replaced as they were consumed since it was not possible to assess when consumption occurred within the shell habitat. At the end of the 48 h trial, surviving crabs were counted. Cannibalism rate in this experiment indicates number of YOY crabs consumed per predator in 48 h. No attempt was made to determine the parameters of a functional response relationship, given the variability in consumption rate and because prey were not replaced. Instead, a 2-way ANOVA was used to test for differences in the mean number of prey eaten and proportional mortality among prey density and between predator size treatments for each prey type. Natural log and square-root transformations were used when the assumptions of the ANOVA model were not met.
Effects of prey-predator asymmetry and mutual interference on cannibalism rate among YOY Dungeness crab. Two laboratory experiments were conducted to evaluate the effect of prey-predator asymmetry and YOY predator density on cannibalism rate. Crabs were collected in intertidal shell habitat between 1992 and 1993, when the experiments were conducted. Tanks (20 1, surface area 0.1 m2) were filled to a depth of 5 cm with defaunated (sieved through a 0.5 mm screen) mud collected from the estuary and estuarine water. Predators were starved for 24 h before the experiment was run. The intermolt stage was not determined but hard shell prey and predator were always used. The trials in which predators rnolted were not used in the analysis. The following experiments were conducted:
(1) Variable prey-predator asymmetry, prey density, and predator density. In this experiment the relative size between predator and prey changed, as well as prey and predator densities. Megalopae were used as prey and J1 or 52 as predators. Two prey densities (5 and 8 crabs tank-') and 3 predator densities (1, 5 and 10 crabs tank-') were utilized.
(2) Constant prey-predator asymmetry and prey density, and variable prey-predator instar stages and predator density. In this experiment the prey-predator asymmetry (1 instar stage of difference) and prey density were constant (10 crabs tank-'), but the instar composition as well as the predator density varied. The following combinations of prey and predator were used: (1) megalopae and J1; (2) J1 and 52; and (3) 52 and 53. In the low predator density treatment 1 crab tank-' was always used, whereas the high density treatment varied depending on the instar stage. For J 1 and 52, 10 crabs tank-' (100 crabs mW2) were used, and for 53 only 5 crabs tank-' (50 crabs m-') were utilized. In each experiment the smallest YOY crab was considered the prey and the largest the predator. Prey were not replaced as they were consumed since it was not possible to assess when consumption occurred within the shell habitat. Controls (no predators) were also run. The experiments ran for 48 h, and more than 5 replicates were conducted for each combination of predator and prey densities. Mean prey survival in the control was 97 % for megalopae and 98 % for 52 prey.
Cannibalism rate in this experiment indicates number of YOY crabs consumed per predator in 48 h. A 3-way ANOVA was used to test for differences in the mean number of megalopae eaten, mean number of megalopae eaten per predator, and mean proportional mortality per predator as a function of prey density, predator density, and predator sizes (J1 and 52). A 2-way ANOVA was used to test for differences in the mean number of prey eaten, and mean number of conspecifics eaten per predator for the second experiment. Prior to analysis proportional mortality data were arc-sine transformed to normalize the data and remove heteroscedast~c~ty.
RESULTS

Effect of habitat type on cannibalism efficiency
Predator sex did not influence the mean number of prey eaten (F1,151 = 2.66, p > 0.05). After removing the sex as a factor from the analysis, interaction between habitat type and predator age class was found (F4,,,, = 2.7, p = 0.03), precluding direct conclusions about the (Underwood 1981) . The habitat type by predator age class interaction effect was due to the dramatic increase in the number of prey eaten in mud habitats for l + and 2+ predators, the smooth increase in the mean number of prey eaten as predator age class increased for LSD, and t.he lack of effect in the mean number of prey eaten in HSD among predator age class (Fig. lA) . In MUD, l + and 2+ predators consumed more prey than in any other habitats. Intermediate consumptj.on was found for l + and 2+ in LSD. At HSD the consumption of l + and 2+ crabs did not differ from O+ consumption (Fig. 1A) .
The mean proportion of remains of type (1) ( S onehalf carapace or no remains) was significantly different among predator age classes ( Fig. 1B; = 7.19, p < 0.01). 0+ predators left all or most of the carapace of smaller 0+ prey, while l + and 2+ left very small pieces of the prey carapace or no remains at all (Fig. 1B) . Since continuous observations were not conducted, it is unclear whether the proportion of remains of type (2) was higher for 52 than for J1 predators. However, there was not a clear pattern for the effect of megalopae density; 2 homogeneous groups were detected (1, 2, 5 and 8 megalopae, and between 2 and 8 megalopae).
The mean number of 52 prey consumed was not significantly different between 53 and 54 predators = 3.4, p = 0.07), and prey density had a marginal effect on the number of 52 consumed (F5,65= 2.3, p = 0.05); 2 homogeneous groups were detected (between 1 and 5 52, and between 2 and 7 52 tank-'; Fig. 3A,B) . The interaction term was not significant = 0.14, p = 0.47). Proportional crab mortality was neither significantly different between predator sizes = 2.3, p = 0.13), nor among prey (52) density treatments ( Fig. 3C.D; F5 ,6S = 0.07, p = 0.9). The interaction term was not significant (F5,,, = 0.4, p = 0.84).
Effects of prey-predator asymmetry and mutual interference on cannibalism rate among YOY Dungeness crab
(1) Variable prey-predator asymmetry, prey density, and predator density. The mean number of megalopae eaten was affected by predator size and predator density, but not by prey density (Fig. 4A,B found when l + or 2+ were the predators were remains from crabs consumed by the predators, or by 0+ conspecifics (other prey). However, since no consumption was found in the control, it can be assumed that all prey were consumed by the predator. It is unknown whether cannibalism among YOY occurred only after molting or on hard shell prey. If it occurred immediately after molting, whole carapaces found as remains could be from the molts.
Effects of prey-predator asymmetry and prey density on cannibalism rate among YOY Dungeness crab
The mean number of megalopae consumed by conspecifics was affected by both predator size (F1,S1 = 12.6, p = 0.00008) and megalopae density (F4,,, = 6.05, p = 0.0005). The interaction term was not significant (F4.5) = 2.04, p = 0.29). J 1 consumed fewer megalopae than 52, and the consumption was higher at densities higher than 3 megalopae tank-' (30 megalopae m-'; Fig. 2A,B) . Proportional mortality of megalopae was also affected by predator size (Fl,51 = 11.3, p = 0.0015) and megalopae density ( Fig. 2C,D; = 4.02, p = 0.0066). The interaction term was not significant (F4,51 = 2.01, p = 0.11). Proportional mortality of megalopae sumption increased as the asymmetry between the cannibal and the victim increased, and also as predator density increased. The mean number of megalopae consumed per predator was also affected by predator density and predator size (Fig. 4C,D , Table 2 ). Consumption per predator was higher for 52 than for J1, and decreased as predator density increased. Prey density did not play any role. In none of the trials were all prey consumed, so complete absence of prey was not a factor. The same factors, predator density and size, had an effect on the mean proportional mortality per predator (Fig. 4G,H . Table 2 ). Mean proportional mortality per predator was higher for 52 predators, and lower at high predator densities. In all cases the interaction effects were not significant (Table 2) .
PREY DENSITY
(2) Constant prey-predator asymmetry and prey density, and variable prey-predator instar stages and predator density. A significant interaction between prey-predator stages and predator density precluded direct conclusions about the main effects on the mean number of prey consumed (F2,47 = 19.2, p < 0.0001; Underwood 1981) . The interaction was due to the increase in the mean number of megalopae eaten by J1 as predator density increased, while for the remaining prey-predator instar combinat~ons there was a decrease in the mean number of prey eaten (Fig. 5A) . The mean number of prey eaten per predator was significantly lower at high than at low predator density ( Fig. 5B; = 97.4, p < 0.00001), and the pattern was consistent for the 3 prey-predator size combinations analyzed ( Fig. 5B; F2 ,47 = 1.99, p = 0.148).
DISCUSSION
Cannibalism seems to be a common behavior among brachyuran crabs, largely overlooked despite the importance it may have on crab population dynamics. Evidence of cannibalism between age classes in crabs has been reported for several decades (e.g. Dungeness crab: Butler 1954 , Gotshall 1977 . Stevens et al. 1982 ; however, assessments of the relative importance of this factor for the population dynamics of crabs are still scarce. Cannibalism among YOY has only recently received attention (Fernandez 1994 , Perkins-Visser et al. 1996 , Moksnes et al. 1997 , 1998 . The first evidence of cannibalism among juvenile crabs came from occasional observations in communal rearing tanks under laboratory conditions (Klein Breteler 1975 , Reise 1985 , Tunberg & Creswell 1988 . Recent studies done for other purposes have also provided evidence of cannibalism among juvenile crabs (e.g. ontogeny of behavior: Jacoby 1983; recruitment failure: Fernandez et al. 1993a; growth: Perkins-Visser et al. 1996) . lvloksnes et al. (1997) studied specifically cannibalism among juvenile blue crabs, and reported that cannibalism rate was affected by prey density, predator density, and habitat type. Habitat type definitely affects between-age-classes cannibalism in Dungeness crabs; larger crabs consumed all available prey in mud habitats under laboratory conditions (at relatively low prey density). Similar results were reported from field experiments, where high mortality of low density, tethered crabs in mud habitats was suggested to be due to cannibalism between age classes (Fernandez et al. 199313) . Although the potential for cannibalism exists, the real impact of cannibalism between age classes in Dungeness crab is still unknown. Furthermore, in order to assess the importance of cannibalism, experimental work should accompany field data in the light of the differential pattern of ingestion modes between age classes. The percentage of YOY Dungeness crab consumed by l+ and 2+ conspecifics decreases as predator age increases (Stevens et al. 1982 ). The percentage is higher for 0+ crabs (24 %) and declines to half of this value for l + and 2+ crabs, which consume mostly fish in unsheltered habitats (Stevens et al. 1982) . The same pattern of increasing cannibalism until certain predator size, and a switch to other prey afterwards, was reported for the snow crab (Lovrich & Sainte-Marie 1997) . However, cannibalism among younger conspecifics may have been underestimated. In the snow crab the whole prey (first instar) is ingested by larger conspecifics (no reports on mode of ingestion by similar size conspecifics; Lovrich & Sainte-Marie 1997). A similar pattern is reported here for the Dungeness crab, and previous studies of stomach content analyses of YOY Dungeness crab have failed to identify carapaces or other hard parts as indicators of cannibalism among YOY (J1 to J5-6 instar crabs; Stevens et al. 1982 ). These differences could be due to the method of attack, or to when the attack occurs (only soft prey). Thus, the assessment of cannibalism among YOY should not rely on the presence of hard parts. The pattern of consun~ption poses the problem of identifying the impact of cannibalism. Stomach analysis alone may not be enough to assess cannibalism in natural populations, because the pattern of conspecific ingestion depends on the size of the predator (or the asymmetry between YOY prey and the predator). The outcome of the experiments presented here could have been different if alternative prey had been offered. However, cannibalism among YOY occurs even in the presence of alternative prey, although the preference for alternative prey versus conspecifics varies depending on the prey offered (Visser 1997). It is not clear if the total number of prey (conspecifics) attacked could vary depending on the presence of alternative prey, because consumption is not reported in numbers (Visser 1997) .
Cannibalism among YOY Dungeness crabs is not affected by habitat complexity, probably because juvenile crabs share the same habitat type (but see Moksnes et al. 1997 for differences with the blue crab). This pattern of consumption implies a lack of refuge for the prey, and it may have important consequences for the mortality rate of juvenile crabs in complex habitats. In fact, cannibalism among YOY was suggested to be the main source of mortality in artificial shell habitats (Fernandez et al. 1993b) and to decimate an extremely large supply of larvae in habitats colonized by larger conspecifics (Fernandez et al. 1993a) . Although overall survival in shell habitats is higher than in adjacent open mud flats, shelter availability in cannibalistic species may not be as efficient for juvenile crabs as for other invertebrates. Moksnes et al. (1998) also showed that cannibalistic juveniles cause predation rates similar to or higher than other predators in nursery habitats.
The importance of prey-predator asymmetry and prey density was not consistent across prey stages, and it may be related to prey vulnerability. The probability of having access to soft, vulnerable prey may be very hlgh when megalopae are the prey (in relation to 52 prey). The pattern of vulnerability observed may not depend on the experimental conditions, and rather reflect the conditions In nature. The megalopa i.s the most vulnerable stage; the time from, settlement to metamorphosis into J1 in the Grays Harbor estuary is very short (6 to 12 h; Eggleston & Armstrong 1995) . Even in the cases where molting was delayed in the presence of conspecifics, 60% of the megalopae molted during the 96 h experimental time . This implies that if megalopae are present, there is always access to vulnerable (soft) prey. This factor could also explain the higher variability in the data observed for 52 prey in comparison to megalopae. Visser (1997) reported little variation in mortality (cannibalism) estimates In comparison with the experiments shown here, using prey ( J l ) that had molted up to 24 h prior to the experiment. However, no clear changes in proportional mortality of newly molted J1 crabs were detected depending on hours since molt (Visser 1997). Vulnerability could also be used to explain the differences in consumption rate of megalopae and 52 under different prey densities. 53. and 52 predators increased the consumption of megalopae as prey density increased, whereas only a marginal effect on consumption of 52 prey was detected when 53 or 54 were used as predators. Also, in the first case consumption increased as the asymmetry between the prey and the predator increased, which may indicate that prey were available (vulnerable) and consumed until satiation was reached. Instead, in the second case consumption may have occurred based on opportunities to have access to vulnerable prey. Although in both cases predators may respond in th.e same way to an increase in prey density if prey vulnerabi.lity were equal., the conditions of prey vulnerability in nature are not equal. A clear functional response to megalopae density was also found in the blue crab (Moksnes et al. 1997) .
Increasing predator densities decreased significantly the consumption rate per predator, irrespective of the asymmetry between the prey and the predator, the instar stages involved in the interaction, and prey density. Prey density was always high in order to avoid prey depletion, and a 37 ' , , ; I change in megalopae density (5 to 8 crabs) did not affect the number of megalopae consumed per predator, or proportional mortality of megalopae per predator. Instead, a dramatic decrease in both variables was observed as predator density increased, for all the combinations of prey and predator stages used. Prey may find a refuge at high predator densities because mutual interference affects the searching and handling efficiency of the predators (Mansour & Lipcius 1991 , Iribarne et al. 1995 . Predator efficiency may also be related to the vulnerability of the prey. The decrease in mean consumption rate per predator was more dramatic for J1 and 52 prey than for megalopae, despite the asymmetry between the prey and the pred.ator being constant (1 instar stage). For 52 and 53 predators, the number of prey eaten decreased as predator density increased, suggesting that even vulnerable prey may not have been consumed (assuming that prey vulnerability in both predator density treatments was equal).
A decrease in cannibalism rate by doubling the density of conspecifics has been reported for Dungeness (Visser 1997) and blue (Moksnes et al. 1997 ) crabs. A similar decrease was observed in this study for J1 and 52 Dungeness crabs consuming megalopae. However, the most dramatic change occurred between a single predator and more than 1 predator. No major changes were observed on doubling predator density from 5 to 10 crabs. The effect of mutual interference in the blue and Dungeness crabs had already been reported for clams, where prey vulnerability (molting) did not play any role (Mansour & Lipcius 1991 , Iribarne et al. 1995 . Although mutual interference clearly affects cannibalism among YOY under laboratory conditions, dispersal, a density-dependent mechanism that occurs irrespective of food availability, may take place in situ (Iribarne et al. 1994) . Density-dependent dispersal may generate density-dependent cannibalism between age classes, by forcing YOY to emigrate from sheltered habitats to unprotected areas where cannibalism between age classes is higher.
The combined roles of the asymmetry between prey and predator, prey density and predator density are very important factors in regulating recruitment of the Dungeness crab. Annually, in the Grays Harbor estuary the Dungeness crab exhibits multiple cohorts (Dinnel et al. 1.993) . Furthermore, the pattern of settlement of a single cohort may vary and it should certainly have an effect on the survival of the settling rnegalopae. Eggleston & Armstrong (1995) reported that although megalopa density showed a pronounced peak, each cohort of megalopae lasted a few days. Moreover, predator density and size may also vary depending on the strength and the time elapsed since the previous settlement. Thus, the outcome of cannibalism could vary, producing different patterns of recruitment even under similar conditions of annual larval supply (sum of all cohorts). Although the potential for cannibalism continues over time, the major impact of this behavior on crab recruitment may happen in a very short period of time. In fact, within a week a very strong cohort of megalopae was decimated in habitats colonized by high densities of J1 and 52 Dungeness crabs (Fernandez et al. 1993a) .
The implications of cannibalism among YOY for the habitat enhancement program and for the population dynamics of Dungeness crab are similar. Artificial shell habitats, as well as other complex, natural habitats, Increase survival of juvenile Dungeness crab by reducing predation and cannibalism between age classes. As a result, crab production increases during the first 4 mo of intertidal, benthic existence (Fernandez et al. 1993b ). In spite of the observed pattern of increased juvenile abundance in sheltered habitats, the potential for production in sheltered habitats is limited by YOY behavior. The recruitment to natural populations, or the maxinlunl production of juvenile stages within artificial habitats constructed to enhance the overall population abundance, may b e the result of the trade-off between preference for shelters, cannibalism among YOY within sheltered habitats, and dispersal.
